The brine shrimp (Artemia salina) bioassay was used to screen 211 methanol extracts from 128 species of Pacific Northwest plants in search of general cytotoxic activity. Strong toxicity (LC 50 < 100 µg/ml) was found for 17 extracts from 13 species, with highest activity observed for Angelica arguta roots at <10 µg/ml. Notably, four species of cedar trees and one of juniper in the family Cupressaceae dominated this group with LC 50 for heartwood extracts ranging from 15 to 89 µg/ml. Moderate toxicity (LC 50 100-500 µg/ml) was found in 38 extracts from 27 species, while weak toxicity (LC 50 500-1000 µg/ml) was detected for 17 extracts in 16 species. There were 139 extracts from 99 species that were non-toxic (LC 50 > 1000 µg/ml). Our subsequent studies of conifer heartwoods with strong activity confirm the assay's value for identifying new investigational leads for materials with insecticidal and fungicidal activity.
Background
The forests and rangelands of Washington and Oregon are diverse ecosystems ranging from the temperate rainforests of the Olympic Peninsula in Washington to the semiarid shrub-steppe of southeastern Oregon (Franklin and Dyrness 1988) . Across this region, fir, pine and cedar species are basic foundations to industries producing lumber and structural wood products. Native Americans have long used many forest plants for foods, medicines and handmade materials to improve daily life (Gunther 1973; Forlines et al. 1992) . There remains an interest in the herbal remedies (Moore 1993) , and many of the plants still have potential for development of new, natural sources of medicines and insecticides.
The brine shrimp toxicity bioassay is a simple method of screening crude plant extracts for cytotoxicity (Meyer et al. 1982; McLaughlin et al. 1991) and is an indicator of potential antitumor, insecticidal, and fungicidal activity (Michael et al. 1956; Harwig and Scott 1971; McLaughlin et al. 1998) . The mode of action causing toxicity is unknown, but the results typically correlate with more specific bioactivity tests. The brine shrimp bioassay has also been used to guide the isolation of bioactive compounds, testing of water quality, and detection of fungal toxins (Nguta et al. 2011; Arcanjo et al. 2012; Gadir 2012) . This method is an attractive pre-screen for such activities as it is relatively simple and inexpensive to test large numbers of crude plant extracts in a relatively short time. Most surveys of this type have been carried out on traditional medicinal plants of various cultures from around the world (Pimentel et al. 2002; Krishnarajua et al. 2005; Rahman et al. 2008; Moshi et al. 2010; Ved et al. 2010; Bussmann et al. 2011; Nguta et al. 2011; Oryema et al. 2011; Arcanjo et al. 2012; Gadir 2012; Nguta et al. 2012; Biradi and Hullatti 2014; Khatun et al. 2014) . A few studies have targeted forest and savannah plants (Horgen et al. 2001; Adouom 2009; Rizwana et al. 2010; Soonthornchareonnon et al. 2012; Ravikumar et al. 2014) .
In this paper we report survey results for some forest plants from the Pacific Northwest to gain a preliminary understanding of which ones may merit further, more Open Access 
Methods

Plant materials
Plants were collected during their active growing seasons in western Washington, western and central Oregon. Voucher specimens were deposited at the Oregon State University Herbarium.
Preparation of extracts
Plant materials were air-dried, ground and then extracted at room temperature for 48 h with methanol. The methanol was analytical grade and freshly distilled prior to use. Extracts were evaporated under vacuum on a rotary evaporator and the residue briefly freeze dried under high vacuum to remove traces of solvent and water, then stored at −20 °C until tested.
Brine shrimp toxicity bioassay
Bioassays of the crude extracts were carried out as described by Meyer et al. (1982) and McLaughlin et al. (1991) on freshly hatched brine shrimp (Artemia salina Leach). Triplicate samples of each extract were tested initially at concentrations of 10, 100 and 1000 ppm (µg/mL) in vials containing 5 mL of brine solution and 10 shrimp. Survivors were counted after 24 h and the median lethal concentration (LC 50 ) with 95 % confidence intervals calculated using Probit Analysis.
Results
Results of the brine shrimp cytotoxicity screening are shown in Table 1 . Extracts with LC 50 values >1000 µg/ ml are considered non-toxic (Meyer et al. 1982) . Values between 500 and 1000 µg/ml are considered weakly toxic, those between 100 and 500 µg/ml as moderately toxic, and those <100 µg/ml as strongly toxic (Nguta et al. 2012) . A total of 211 crude methanol extracts from 128 species, 116 genera, and 49 families are represented. Strong cytotoxic activity was found in 17 extracts from 13 species (Table 2) , moderate toxicity in 38 extracts from 27 species, weak activity for 17 extracts in 16 species, and 139 non-toxic extracts from 99 species. The proportions of all extracts by activity category are shown in Fig. 1 .
Discussion
There were more than twice as many extracts with moderate activity than there were with strong activity. Moderately active extracts need not be dismissed as unimportant, since Bussmann et al. (2011 ), Nguta et al. (2012 and others have noted that toxicity can vary significantly due to harvest time, collection location, plant organ or tissue, and solvent used for extraction. Alcohol or organic solvent extracts are often more toxic than aqueous ones, but not always. Extracts from genera and species with the strongest bioactivity can also exhibit a wide range in their levels of activity for the same reasons, thus varying among experiments and research groups. Given this natural variability and our extensive list of genera and species we decided not to attempt cross comparing levels of activity with those observed by others, as it is beyond the scope of this report.
Tissues identified with LC 50 < 100 µg/ml cytotoxicity have served us as leads for further studies of bioactive extracts and compounds from heartwoods of yellow, incense, and Port-Orford cedars, and western juniper against mosquitoes (Aedes aegypti), ticks (Ixodes scapularis), fleas (Xenopsylla cheopis) or microbes influencing animal and forest health (Johnston et al. 2001; Panella et al. 2005; Dietrich et al. 2006; Manter et al. 2006 Manter et al. , 2007 Dolan et al. 2007 Dolan et al. , 2009 . It is worthwhile noting that three of the compounds in yellow or incense cedar heartwoods have different modes of action than other commercially available mosquito adulticides currently in use (McAllister and Adams 2010). New modes of action are particularly relevant in the search for compounds to overcome resistance to existing pesticides.
Conclusion
Natural products from Pacific Northwest forest resources can offer alternative biocides and repellent compounds with activities comparable to synthetic pesticides for control of arthropods of public health concern and forest microbial pathogens. Other bioactive extracts from our Leaves >1000
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Stems + leaves + berries >1000 Taxaceae brine shrimp screening need to be investigated further. In addition, other forest plants from this region need to be pre-screened by this method as well to provide a more complete understanding of the potential value for all our forest and rangeland resources.
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